Research on microelectromechanical systems and integrated photonic technologies has lead to the development of several concepts and devices in the area of optical metrology. Very often the operating principle of the devices is based on the interference of optical waves. [1] [2] [3] [4] [5] [6] In almost all cases, the detected interference pattern is created by the superposition of waves propagating in the same direction. Typical examples of such devices are Michelson Interferometers and Fourier spectrometers. 2 In recent years, an alternative approach has been developed, which benefits from the superposition of waves propagating in opposite directions. [3] [4] [5] [6] The working principle of such devices is based on sampling a standing wave created in front of a mirror or a highly reflective object. [3] [4] [5] [6] The intensity profile of the standing is sensed by a partially transmissive optical sensor. So far, this approach has been used to realize standing-wave interferometers 3, 5 or Fourier spectrometers that operate in the near-infrared part of the optical spectrum. 4 In this letter, we will present an alternative approach to realize a standing-wave Fourier spectrometer that operates in the visible part of the optical spectrum. Sampling a standing wave by a semiconductor device requires a highly transmissive and very thin sensor. Otherwise, no light is transmitted through the sensor and no standing wave is created. On the other hand, sufficient light has to be absorbed to generate an electrical signal. The active region of the sensor has to be much thinner than the wavelength of the light, so that the overall photocurrent follows the intensity pattern of the standing wave. Here, we will discuss the influence of the partially transmissive sensor on the spectral resolution of the spectrometer.
Amorphous silicon was used for the fabrication of the ultrathin diodes. The thin films were deposited in a multichamber plasma enhanced chemical vapor deposition system at 210°C on glass substrates coated with transparent conductive oxide ͑TCO͒ layers. Deposition gases-silane, methane, and hydrogen-were used to prepare the ultrathin n-i-p diodes. A small amount of carbon was alloyed to the silicon to increase the band gap ͑E g = 2.0 eV͒ and to decrease the refractive index of the material slightly. The intrinsic layer of the diode has a thickness between 30 and 40 nm. After depositing the amorphous silicon n-i-p diode, the second TCO-layer was prepared. The TCO layers were realized by magnetron sputtered ZnO. 5 The devices were patterned using photolithography and reactive ion etching. A detailed description of the preparation conditions and the materials properties of the amorphous silicon diodes and the transparent oxide layers are given in Refs. 7 and 8.
The operating principle of the sensor is depicted in Fig.  1 . The sensor consists of an ultrathin diode on a glass substrate, which is illustrated in Fig. 1 intensity profile of the standing wave shifts through the transmissive sensor leading to the modulation of the photocurrent. The wavelength of the standing wave corresponds to one-half of the wavelength of the incoming light. Figure 1 illustrates the ideal case, where no light is reflected or absorbed by the sensor. In the nonideal case, the light intensity reflected by the mirror is always smaller than the incoming light intensity due to the absorption of the incoming light and reflection losses at the interfaces of the detector and the mirror. Consequently, the modulation of the intensity is reduced ͑0 Ͻ l S Ͻ 4·l 0 ͒. To identify an optimized device design of the ultrathin sensor, we tried to maximize the differential sensitivity instead of maximizing the overall sensitivity of the sensor. We defined the differential sensitivity to be the alternating component of the photocurrent when the mirror is shifted, whereas the total sensitivity corresponds to the differential sensitivity plus the phase shift independent intensity ͑direct component of the sensitivity͒. The calculated differential sensitivity for an ultrathin diode with an absorber thickness of 35 nm is shown in Fig. 2 . The differential sensitivity was calculated by considering the complex refractive index of amorphous silicon. The influences of reflections at the interfaces of the sensor on the differential spectral sensitivity were ignored in the calculation. The variation of the differential spectral sensitivity is caused by the strong wavelength dependent absorption of amorphous silicon ͑see extinction coefficient in Fig. 2͒ .
For short wavelengths, the differential sensitivity of the sensor is very low as the extinction coefficient is very high. Therefore, only a small fraction of the incoming light is transmitted through the sensor, which contributes to the formation of a standing wave. For the visible part of the optical spectrum, the differential sensitivity of the sensor is high, since a large fraction of the light is transmitted through the sensor and a standing wave is formed in front of the mirror. For longer wavelengths, almost all of the light is transmitted through the partially transmissive sensor as the extinction coefficient of amorphous silicon is reduced. Due to the low extinction coefficient, the differential sensitivity drops for longer wavelengths.
Besides the thickness of the active region of the sensor, several other aspects have to be considered while designing the sensor structure. Optical simulations indicate that in particular the TCO layers have a strong influence on the device performance. Fabry-Perot oscillations are observed if the TCO layers' thickness corresponds to an even multiple of / ͑4n TCO ͒ where n TCO is the refractive index of the transparent oxide layers. The oscillations lead to a nonlinear response of the sensor. A Fabry-Perot resonator is formed between the mirror and the detector. The Fabry-Perot oscillations can be minimized by using TCO layers, which have a thickness of odd multiples of / ͑4n TCO ͒. Under such conditions, the TCO layer acts as an antireflection coating and the influence of the sensor structure on the propagation of the waves is minimized.
The measured photocurrent of the standing-wave spectrometer is given in Fig. 3 . A HeNe laser emitting light at a wavelength of 633 nm was used to test the system, which consists of the ultrathin sensor and a piezo-actuated mirror. In Fig. 3͑a͒ , the displacement of the piezo-actuated mirror is given. The displacement of the mirror was measured by a capacitive sensor coupled to the actuator. The mirror was displaced by 4.68 m at a frequency of 67 Hz. The alternating component of the photocurrent as a function of the mirror displacement is shown in Figs. 3͑b͒ and 3͑c͒ . It can be clearly seen that the measured signal in Fig. 3͑c͒ follows the modulating light intensity caused by constructive and destructive interference of the laser light. At = 633 nm, the sensor has a transmission of 70% and a differential spectral sensitivity of 10 mA/W-15 mA/W. A good agreement is observed between the calculated ͓Fig. 3͑b͔͒ and the measured ͓Fig. 3͑c͔͒ differential spectral sensitivity. The measured alternating component of the photocurrent follows a sine curve, which confirms that Fabry-Perot oscillations have only a minor influence on the measured photocurrent.
In the next step, we studied the influence of the mirror displacement on the spectral resolution of the spectrometer. The spectral resolution of a spectrometer is, in general, given by
where is the wavelength and ⌬x is the scan length ͑dis-placement͒ of the mirror. In order to test the spectral resolution of the spectrometer, we used two laser sources which emit light at 594 nm and 633 nm. The Fourier transform of the photocurrent spectra for different displacements is shown in Fig. 4͑a͒ . For a displacement of 1.3 m, the two laser lines cannot be distinguished. Under these conditions, the spectral resolution of the spectrometer is 140 nm, which is not sufficient to separate the two laser sources. With increasing displacement, the resolution of the spectrometer increases. The mirror was displaced up to 6.2 m so that the spectral resolution is increased to 30 nm. Under such conditions, the two laser lines can be clearly distinguished. In Fig.  4͑b͒ , we simulated the spectral resolution of the spectrometer for different scan lengths assuming ideal conditions. A comparison of Figs. 4͑a͒ and 4͑b͒ indicates a good agreement between the measured data and the expected signals. In order to separate the two laser lines at 594 nm and 633 nm, a displacement of 4.7 m is necessary. The measurements in Fig.  4͑a͒ clearly confirm the theoretically expected spectral resolution.
In general, the partially transmissive sensor is optimized for a specific wavelength. As a consequence, the sensor is slightly mismatched for other wavelengths. This mismatch leads to: ͑i͒ A distortion of the wave propagation within the sensor and ͑ii͒ a wavelength dependent spectral sensitivity. These limitations can only be reduced but not prevented. Therefore, the spectrometer is of particular interest for applications, where the sensor signal is correlated to a reference signal, rather than being used as absolute measurement. Despite these limitations the spectrometer is able to fill the gap between standard cameras with three spectral channels for red, green, and blue and high-resolution grating spectrometers.
In terms of applications, it can be expected that the spectral resolution of the spectrometer is limited by the coherence length of the incoming light rather than the scan length of the tunable mirror. In order to minimize the influence of the coherence length on the spectral resolution, the tunable mirror has to be as close as possible to the partially transmissive sensor. In the ideal case, the partially transmissive sensor and the tunable mirror have to be integrated on a single substrate.
As the spectrometer consists only of the partially transmissive sensor in combination with an actuator, the number of required components is minimized. Furthermore, the linear setup of the sensor and the actuator allows for the integration of spectrometers. As these devices do not require any kind of beam splitter, several of these spectrometers can be densely packed on a chip. Further experiments are under way to realize such spectrometer arrays.
In summary, the concept of a Fourier spectrometer based on sampling a standing wave was presented. The sensor consists of a partially transmissive sensor in combination with a tunable mirror. Ultrathin amorphous silicon diodes prepared on glass substrates were used as partially transmissive sensors. The device is filling the gap between solid-state camera technology with only three-color channels but high spatial resolution on one hand, and precision spectrometers with high spectral resolution and no spatial resolution on the other hand.
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